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The  ultraviolet  and  visible  spectra  of  Tacot  (tetranitrodibenzo-l,3a,4, 
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or  other  dark- colored  solutione;  however,  the  colors  of  all  the  solutions 
after  aliquoting  and  diluting  prior  to  the  spectral  measurements  were 
yellowish.  The  study  In  the  ultraviolet  region  was  limited  by  the  rela- 
tively high  cut-off  point?  of  some  of  the  solvents.  The  molar  absorptivi- 
ties  of  the  peaks  were  calculated.  A somewhat  arbitrary  grouping  of  the 
peaks  according  to  location  showed  that  peaks  occurred  for  Tacot  in  all 
solvents  at  450  to  506  nm  except  for  piperidine  which  showed  a rising  slope 
and  significant  absorption  in  this  region.  Sulfuric  acid  showed  a strong 
peak  at  416  nm,  Sulfuric  acid,  morpholine,  and  piperidine  showed  peaks  in 
the  area  of  395  to  403  nm  (peaks  did  not  occur  in  this  region  in  the  other 
solvents) . A peak  occurred  at  318  to  350  nm  for  all  the  solvents  except 
nitric  acid  and  piperidine  (which  were  not  useable  in  this  range) . A peak 
occurred  at  248  to  281  nm  in  sulfuric  acid,  perchloric  acid,  and  ammonium 
hydroxide  (the  only  solvents  useable  in  this  range) . The  solvents  that 
originally  gave  orange  solutions  were  inclined  to  give  sharper  peaks,  wl  ile 
the  solutions  that  originally  gave  amber  and  other  dark-colored  t elutions 
were  frequently  inclined  to  give  shoulders  and  plateaus.  The  colors  ob- 
tained from  the  orange  solutions  ten  Jed  to  be  more  stable.  The  extraor- 
dinary effect  of  the  solvent  on  the  i pec t rum  of  Tacot  is  probably  related 
to  the  tendency  of  Tacot  to  form  complexes  with  the  solvent  Experiments 
indicated  that  Tacot  could  be  determined  quantitatively  by  measur  nent  of 
the  color  in  sulfuric  acid,  perchloric  acid,  nitric  acid,  and  dimethyl- 
sulfoxide  at  416,  486,  487,  and  506  nm,  respectively.  The  method  could  not 
be  applied  to  the  determination  of  Tacot  in  primers  because  of  the  diffi- 
culty of  completely  extracting  the  Tacot  from  the  primers  and  also  because 
the  other  ingredients  of  primers  interfered  with  the  color. 
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INTRODUCTION 


Tacot  is  tetranitrodibenzo-1 , 3a,4,6i-tetraazapentalene.  The 
molecular  formula  of  the  material  is  C , 2H^Ng0g  ant*  *ts  structural 
formula  is  as  follows: 


V' 


*4 

-s- 


(y*0i)c 


In  appearance  Tacot  is  an  oiango.  powder.  If  it-  used  in  priming 
compositions  and  detonators  that  are  subject  to  high  temperatures  as 
in  rockets  and  space  vehicles.1”3  Tacot  is  effective  for  such  a pur- 
pose because  it  continues  to  function  as  an  explosive  even  when  heated 
to  as  high  r temperature  as  400°C  (the  melting  point  of  the  material).1" 


Tacot  is  made  by  a process  patented  by  duPont  Co.1"3  that  involves 
nitration  of  dibenzo-l,3n,4,6a-tetraazapentalene  with  fuming  nitric 
acid.1"1*  The  production  of  the  parent  compouro,  dibenzo-l,3a, 4,6a- 
tetraazapentalene,  is  also  covered  by  duPont  Co.  patents.3”1 


Not  much  has  been  reported  on  the  solubility  of  Tacot.  It  has 
been  stated2  that  the  material  is  soluble  in  95%  nitric  acid  and  that 
it  is  insoluble  L-.i  water,  most  acids,  and  organic  solvents  and  only 
slightly  soluble  in  nitrobenzene,  dimethylformamide,  and  acetone. 
Apparently,  there  is  little  information  in  the  literature  on  the 
ultraviolet  and  visible  spectra. 


EXPERIMENTAL 


The  solubilities;  of  Tacot  in  various  solvents  was  investigated  by 
adding  0.01  g of  Tacot  to  about  75  ml  of  the  solvent  and  noting 
whether  the  Tacot  dit solved  after  a few  minutes  occasional  stirring. 


1 Chemical  and  Engineering  News,  Nov  5,  1962,  49-50. 

E.  I.  duPont  de  Nemours  and  Co.,  "Technical  Information  on  duPont 
Explosives  Specialties,  Tacot,  Properties,"  New  York,  N.  Y. 

R.  A.  Carbon!  (to  E.  I.  duPont  de  Nemours  and  Co.)  U.  S.  Patent 
2,904,544,  Sept  15,  1959:  RE  25,238,  Sept  11,  1962. 

4R.  A.  C=»rboni,  J.  C.  Kauer,  W.  R.  Hatchard,  and  R.  J,  Harder,  J.  Am. 
Chem.  Son.,  89,  2626  (1967). 

^ P A Cry  .-V,  { T r T V n r t*  I ~ ~ _ J IT  C 4 . T A — 

lit  uui.wwui,j  o • j o « i / * uiouit  j auu  1 1*  ij  • JiuHTiutlO)  u*  /-vui  • 

Chem.  Soc.  89,  2618  (1967). 
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By  this  means  it  wcfi  found  that  Tacot  was  not  significantly  soluble 
in  the  following  solvents:  water,  hydrochloric  acid,  phosphoric  acid, 

ethyl  ether,  petroleum  ether,  carbon  tetrachloride,  and  isopropyl 
alcohol.  Tacot  was  only  slightly  soluble  in  the  following  solvents, 
with  the  production  of  a yellowish  or  yellowish-green  fluoresence: 
methyl  alcohol,  ethyl  alcohol,  butyl  alcohol,  acetone,  methyl  ethyl 
ketone,  methyl  isobutyl  ketone,  acetophenone,  dioxane,  methylene 
chloride,  chloroform,  bromoform,  benzene,  toluene,  xylene,  ethyl 
acetate,  butyl  acetate,  amyl  acetate,  triacetin,  tricresyl  phosphate, 
formic  acid,  acetic  acid,  acetic  anhydride,  nitrobenzene,  amyl  nitrate, 
acetaldehyde,  aniline,  thiophene,  acetonitrile,  and  pyridine.  The 
0.01  g of  Tacot  dissolved  in  the  following  solvents  with  the  produc- 
tion of  the  indicated  colors: 

sulfuric  acid  - orange 
perchloric  acid  - orange 
nitric  acid  -•  orange 

glycerin  (CjHjfO'tOo)  (requ'red  heatin^  to  about  50cC)  - orange 

dimethylsulfoxide  {(CHo'2°0)  - orange 

sodium  hydroxide  solution  (202)  - amber 

ammon'um  hydroxide  ~ amber 

morpholine  (oa^ci^iai^CH2)  “ amber 

piperidine  \ 1 - amber 

(ch2ch2ch2ch2ch2nh) 

triethanolamine  { (HOCNoCI^) - brownish-red 
N , N-d imethvl formamide  (HC0N(CI! -j) 2>  ~ yellowish-brown  with 

olive-green  tint 

The  visible  and  ultraviolet  spectra  for  Tacot  were  determined  for 
all  the  above  solvents  in  which  Tacot  was  soluble  except  the  sodium 
hydroxide  solution  (no  spectral  work  was  done  with  the  latter  solution 
because  of  the  danger  of  attacking  the  spectrophotometer  cells).  The 
sulfuric  acid,  perchloric  acid,  e.i 5 ammonium  hydroxide  used  for  the 
spectral  studies  were  reagent  grade,  while  the  other  solvents  were 
Fisher  Certified  Reagents.  The  Tacot  was  obtained  from  duPont  Co. 

The  spectra  were  prepared  using  a Cary  Modal  15  spectrophotometer 
(1-cm  cell)  with  the  solvent  in  the  reference  cell.  For  all  the 
solvents  except  glycerin,  O.OlOOg  of  Tacot  was  weighed  on  a semi-micro 
balance  into  a 100-ml  beaker,  then  about  75  ml  of  the  solvent  was 
added  and  the  Tacot  was  dissolved  by  stirring  with  a stirring  v0d  at 
room  temperature.  The  solution  was  diluted  to  100  ml  in  a volumetric 
flask  with  the  solvent,  an  appropriate  aliquot  (or  cub-aliquot)  was 
pipetted  into  a 50-ir.l  volumetric  flask,  the  volute  was  brought  up  to 
50  ml,  and  the  spectrum  was  determined.  In  the  case  of  the  glycerin, 
the  Tacot  was  dissolved  by  warming  at  about  50°C,  the.  solution  was 
dilated  to  200  ml,  and  the  aliquot  was  taken.  All  the  solutions  after 
the  final  dilution  prior  to  the  spectral  readings  were  yellowish  in 
color . 


The  spectra  obtained  for  Tacot  in  the  different  solvents  are  shown 
in  Figures  1 to  10.  The  spectra  are  given  from  the  cut-off  point  of 
the  solvent  to  600  nm  (no  significant  absorbance  was  obtained  above 
600  nm) . The  cut-off  points  of  the  solvent  were  determined  by  obtain- 
ing the  spectra  of  the  solvents  against  water  (Figures  11  to  20)  and 
ascertaining  the  wave  length  at  which  the  absorbance  was  approximately 
0.5.®  The  cut-off  points  of  the  solvents  are  given  in  Table  I. 

A summary  of  the  data  concerning  the  location  of  the  peaks  and  the 
molar  absorptivities  (c  = molecular  weight  of  Tacot/cell  width  x ccnc . 
in  g/1)  are  shown  in  Table  I. 


DISCUSSION  AND  RESULTS 


There  was  no  clear-cut  pattern  as  to  why  Tacot  was  soluble  in 
some  solvents  and  insoluble  in  others.  It  would  seem  that  some  strong 
xncrganic  acids  are  solvents  for  the  materia]  as  are  certain  alkaline 
reagents  (both  inorganic  and  organic).  The  solvents  glycerin  and 
diirethylsulfoxide  are  ordinarily  not  considered  to  be  acidic  or  basic. 
All  the  solvents  in  which  Tacot  is  soluble  can  be  considered  to  be 
polar. 

As  indicated  in  Table  I,  the  peaks  in  many  cases  were  not  clear- 
cut  but  occur  as  shoulders  and  plateaus.  In  order  to  assess  possible 
patterns,  the  peaks  were  grouped  together  somewhat  arbitrarily  accord- 
ing to  location.  By  this  means  it  is  seer,  that  peaks  occurred  at  450 
to  506  nm  in  all  the  solvents  except  piperidine  which  showed  a rising 
slope  and  significant  absorbai.ee  in  this  region.  Sulfuric  acid  slowed 
a strong  peak  at  4.16  nm.  Sulfuric  acid,  morpholine,  and  piperidine 
showed  peaks  at  395  to  403  nm  (peaks  did  not  occur  in  this  region  with 
the  other  solvents).  A peak  occurred  at  318  to  350  nm  for  all  the 
solvents  except  nitric  acid  and  piperidine  (which  were  not  usable  in 
this  range).  A peak  occurred  at  248  to  281  nm  in  sulfuric  acid,  per- 
chloric acid,  and  ammonium  h>droxide  (the  only  solvents  usable  in  this 
range)  . 


An  attempt  was  made  to  compare  the  spectra  obtained  from  the 
solvents  that  gave  oraige  solutions  with  the  solvents  that  gave  amber 
or  other  dark-colorei  solutions  (all  the  solutions  finally  used  for 
this  spectral  work  were  yellowish  as  previously  noted) . The  only  con- 
clusion that  could  be  drawn  was  that  the  solvents  that  originally  gave 
orange  solutions  were  inclined  to  give  sharper  peaks  while  the  solu- 
tions that  originally  ga’c  amber  or  other  dark-colored  solutions  were 
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frequently  inclined  to  give  shoulders  and  plateaus.  The  colors 
obtained  with  the  orange  solutions  were  more  stable  than  the  colors 
obtained  with  the  amber  and  other  dark-colored  solutions. 

Tacot  and  its  parent  compound  are  hybrids  of  several  dipolar 
resonance  structures, s“5» 7 hence  the  interpretation  of  the  spectrum  of 
Tacot  from  the  viewpoint  of  electronic  configuration  would  be  ve?:y 
difficult.  Probably  the  diversity  of  the  spectra  is  due  to  the  tend- 
ency of  Tacot  to  form  complexes  with  the  solvents. 

A study  was  made  of  the  possible  application  of  the  color  obtained 
with  Tacot  in  solution  to  the  determination  of  Tacot.  It  was  found 
that  satisfactory  straight-line  calibration  curves  (using  a Beckman 
Model  B spectrophotometer)  were  obtained  for  sulfuric  acid,  perchloric 
acid,  nitric  acid,  and  dimethylsulfoxide  at  416,  486,  487,  and  306  nm, 
respect '•'.^ly  . Glycerin  was  not  satisfactory  because  of  Its  viscosity. 
The  colors  obtained  with  the  other  solvents  were  not  satisfactory  for 
quantitative  work  since  the  colors  changed  somewhat  with  time. 

The  spectrophotometric  determination  of  Tacot  in  primers  was 
investigated . It  was  found  that  Tacot  could  not  be  completely  extrac- 
ted from  the  primers  by  sulfuric  acid,  nitric  acid,  or  dimethylsulf- 
oxide (perchloric  acid  was  not  used  because  of  possible  hazard) . 

Also,  it  was  found  that  the  other  ingredients  of  the  primers  (potas- 
sium chlorate,  antimony  sulfide,  and  calcium  silicide)  seemed  to  effect 
the  color  somewhat.  Prior  extraction  of  the  primers  with  water  (to 
remove  the  potassium  chlorate)  was  not  helpful.  Possibly,  the  spectro- 
photometric  technique  could  be  used  co  determine  Tacct  in  materials 
other  than  primers. 


SUMMARY 


The  ultraviolet  and  visible  spectra  of  Tacot  (tetranitrodbbenzo-1 , 
3a,4,6a-tetraazapentalene)  were  determined  in  nine  solvents  in  which 
the  material  was  significantly  soluble.  These  solvents  were  sulfuric 
acid,  perchloric  acid,  nitric  acid,  glycerin,  dimethylsulfoxide, 
ammonium  hydroxide,  morpholine,  piperidine,  triethanolamine,  and  N,N- 
dimethylfonnamide.  The  first  five  pf  these  solvents  gave  orange 

V.  A.  Carboni  (to  E.  I.  duPont  de  Nemours  and  Co.)  U.  S.  Patent 
2,904,544,  Sept  15,  1959;  RE  25,238,  Sept  11,  1962. 

R.  4.  Carboni,  J.  C.  Kauer,  W.  R.  Hatchard,  and  R.  J.  Harder,  J,  Am. 
Chem.  Soc.,  89,  2626  (1967). 

SR.  A.  Carboni,  J.  C.  Kauer,  J.  F,.  Castle,  and  H.  E.  Simmons,  J.  Am. 
Chem.  Soc.;:  8_9,  2618  (1967). 

7Y.  T.  Chia  and  H.  E.  Simmons,  J.  Am.  Chem,  Soc..,  89,  2638  (1967). 
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solutions  while  the  last  four  gave  amber  or  other  dark-colored  solu- 
tions; however,  the  colors  of  all  the  solutions  after  aliqucting  and 
diluting  prior  to  the  spectral  measurements  were  yellowish.  The  study 
in  the  ultraviolet  region  was  limited  by  the  relatively  high  cut-off 
points  of  the  solvents.  The  molar  absorptivities  of  the  peaks  were 
calculated,  A somewhat  arbitrary  grouping  of  the  peaks  according  to 
location  showed  that  peaks  occurred  for  Tacot  in  ell  solvents  at  450 
to  506  nm  except  for  piperidine  which  showed  a rising  slope  and  signi- 
ficant absorption  in  this  region.  Sulfuric  acid  showed  a strong  peak 
at  416  nm.  Sulfuric  acid,  morpholine,  and  piperidine  showed  peaks  in 
the  area  of  395  to  403  nm  (peaks  did  not  occur  in  this  region  in  the 
other  solvents).  A peak  occurred  at  318  tc  350  nm  for  all  the  solvents 
except  nitric  acid  and  piperidine  (which  were  not  usable  in  this  range). 
A peak  occurred  at  248  to  281  nm  in  sulfuric  acid,  perchloric  acid, 
and  ammonium  hydroxide  (the  only  solvents  usable  in  this  range).  The 
solvents  that  originally  gave  orange  solutions  were  inclined  to  give 
sharper  peaks,  while  the  solutions  that  originally  gave  amber  and 
other  dark-colored  solutions  were  frequently  inclined  to  give  shoulders 
and  plateaus.  The  colors  obtained  from  the  orange  solutions  tended  to 
be  more  stable.  The  extraordinary  effect  of  the  solvent  on  the  spec- 
trum of  Tacot  is  probably  related  to  the  tendency  of  Tacot  to  form 
complexes  with  the  solvent.  Experiments  indicated  that  Tacot  could  be 
determined  quantitatively  by  measurement  of  the  color  in  sulfuric 
acid,  perchloric  acid,  nitric  acid,  and  dimethylsulfoxide  at  416,  486, 
487,  and  506  nm,  respectively.  The  method  could  not  be  applied  to  the 
determination  of  Tacot  in  primers  because  of  the  difficulty  of  com- 
pletely extracting  the  Tacot  from  the  primers  and  also  because  the 
other  ingredients  of  primers  interfered  with  the  color. 


RECOMMENDATIONS 


It  is  recommended  that  the  investigatory  work  on  Tacot  be  continued 
in  order  to  establish  a method  for  the  assay  of  the  material  vising  wet 
chemical  or  instrumental  techniques.  Also,  it  is  recommended  that  the 
infrared  spectrum  and  thermal  properties  (using  differential  scanning 
colorimetry  and  themogrametric  analysis)  be  studied. 


Figure  2.  Spectrum  of  Tacot  iu  Perchloric  Acid  (vs  Perchloric  Acid) 
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Figure  5.  Spectrum  of  Tacot  in  Dimethylsulf oxide 
(vs  Dimethylsulfoxide) 
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Dimethylaulf oxide  Figure  16.  Spectrum  of  Ammonium  Hydroxide 
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